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The importance of amino acids in cedure was modified as follows: Nihy-
nutrition and in intermediary metabo- drin-stained' chromatograms were dried
lism has been studied extensively. Few and developed in a chromatography
studies, however, have been performed oven at 1-10 C for 8 minutes. Each
to evaluate amnino acid changes in' terms chromatogram was quantitated by den-
of the response of man toinfection. sitometric analysis with an Analytrol

Disturbances of amino acid and nitro- (model RB, Beckman Instruments, Inc.,
gen metaboisnhave been demonstrated Palo .Alto, California) to obtain an in-
in rats during infection with Pasteurella tegrated tracing. The integrated Value
tularensis (Woodward et. A), 1954; fde each amino acid detectable as a
Sbarra and, Woodward, 1955; Wood- single' spot including cystine, alanine,
ward and Miraglia, 1964)., The only alpha-amino butyric, tyrosine, and
controlled metabolic studies of P. phenylalanine was converted to micro-
tularensis in man are those of Beisel grams per 0.006 ml by comparison with
(1965) who repofted changes in the -a standard- curve prepared for each
urinary 'excretion of urea, creatinine, amino acid. 'Thus, single amino acids
ammonia, uric acid and, alpha-amino can be reported in mg-per 100 ml by use
nitrogen. Determinations of circulating 6f the appropriateufiultiplication factor.
amino, acids were not performed. As The summation of the integrated
part of an attempt to survey and corre- values for each singly identified amino
late human responses to infection, acid, as well as values obtained for
whole blood amino acids were measured amino acid groups, gave a total valne
in volunteers following aerosol exposure that has been equated with the term
to P. tularensis total amino acids. Groups containing

leucine and- isoleucine; valine, methio-
METHODS nine, and tryptophal; glutamic acid and

Amino acid determinations were per- threouine; glycine, serine, glutamine,
'formed by the technique of Efr6net al and taurine; and histidine, lysine, and
(1964) which permits the analysis of argiiine have been included. Concur-
normally circulating amino acids in. 6 rent analysis of as many as 60 samples
microliters of whole blood. The pro- per chromatography tank permitted

the.simultaneous analysis of all samples
Received for publication April 6, 1967. obtained from any subject and mini-
The ituthors wish to express their appreciation

to Michael Rhodes and Vernon Anderson for their mized changes attributable to method-
& thnical assistance, to Colonel William R. Beisel ological variables. The error of the

'for h'is interest and advice, to Mrs. Phebe w. method calculatea from 3 standard de-
Summers for the preparation of the illustrations, viations of the mean total integrated
and to Dr. Mary Efron for her review of the value of 20' replicate determinations of
manuscript., the

Preqent address: Children's Service, Massa- same blood sample on the same day
chusetts Gehierar Hospital, Bosti,I Massachu- was 2.1%. The error of the method cal-
setts 02114. culated similarly from replicate de-

346



AMINO ACID CHANGES IN HUMAN TULAREMIA 347

terminations on the samc'-blcod sample 500 mg every 6 hours for 14 days) was
on 20 different lays was 5.7%. initiated when a clinical rating of 2 or 3

Eighteen healthy young males, aged was noted in the presence of fever of 101
19 to 26 years and participating ,on a F or when fever of 102 F or greater was
voluntary basis, were employed for this sustained for 24 hours even in the ab-
study. They were fully informed of the sence of other ,signs or symptoms. If
nature c--d details (including Aisk) of none of the criteti were fulfilled butat
the studies prior to participationf (U. S. period of time greater than 15 days
Army Regulation, 1962). Prior to ex- from the day of exposure had elapsed,
posure, each subject was ascertained to therapy with streptomycin (1 g every
be in excellent health by careful history, 12-hours for 14 doses) was-initiated.
physical exanination, and numefous Sham-exposed individuals received
laboratory determinations. Sixteen in- similarcourses of tetracycline beguh on
dividuals'inhaled approximately 25,000 day 5.
viable organisms from a dytiamiC
aerosol (Henderson, 1952) of ?; tidaren- RESULTS
sis at 9 A.M. onoday 0. The remain ing 2' The 8 A.%. amino acid concentration
subjects were sham-exposed, Blood was of each subject during the control period
obtained by venipuncture before sex- ,has, been equated with an amino acid
posure at 8 A.2t., then at 2 and 8 P.M.,, level of 100%. The reported, percentage
and thereafter at 8 A.,%t. arid 8 I.M. daily. increaseb or decreases from cpitrol
Rectal temperatures were taken every levels have been calculated with subse-
6 hours from the time of admission until quent 8 A.2%. samples. In this fianner,
discharge. Pharyngeal washes for P. each subject has-served as his own con-
t-darensis were plated on 'solid media trol and been compared, with- sham.-ex-
(Gaspar et ,al, 1961). Serological tests, posed subjects.
were performed 1 week before exposure Temperature and.amino acid cncen-
and 2, 4 and 7 weeks after exposure trations of the 2 noninfected'indlividuals
(Technical Manual" 8-227-1, 1960). -(cases 1 and 2) remained within normal

Fbllowing exposure of the subjects, liniits throughout the period of hospi-
signs and symptoms of each, exclusive talization, as illustrated, for case 2
of, fever, wereevaluated and rated on a (figure, 1). A diurnal periodicity of
1 through 4 scale. Fever responses of whole blood amino acids was apparent
each individual" were evaluated sepa- with levels at 8 P.M. consistently greater
rately and assigned 2 ratings representa- than those obtained at 8 A.M. on the

. tive of height and durationl. The 3 values same day. The mean daily increase
obtained for each. subject were multi- was 16+4-3% (1 SE).
plied and the product defined -as the The clinica! and aminoacid responses
illness index, of the 16 infected subjects as well as the

Therapy (Sawyer et al, 1966) with shams have been summai'ized in table 1.
orally administered tetracycline (1 g Fourteen subjects-had abrupt onset of
every 6 hours for 4 doses followed by .illness within 96 hours of exposure. Ill-

nesses were characterized by fever,
t 'hese studies were cotiducted in conjunction malaise, headache, myalgia, photopho-

with a program for development and testing of bia, nasopharyngitis, cough, and retro-
vaccines for and therapy of acute infections. Th sternal chest pain. Individuals becae
investigations were supervised by the Commission
on Epidemiological Survey of the Armed Forces clinically well within 48 hours of thera-
Epidemiological Board. peutic intervention. All subjects ex-
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FIGURE 1.-Temperature and totalamiiio acid responses of sham-exposed subjtct (case 2). Arrow
indicates day of exposur6. Stippled bar indicates tetracycline administration.

oosed to P. :Iularensis developed posi- exposure. The mean ± 1 SE -decrease
tive bacterial agglutination titers,, thus was 43±4% with a range of 18 to 63%.
verifying infection, while sham-exposed This decrease preceded the onset of
subjects did not. symptoms in each instance. The decrease

A decrease in total amino acids signi- in the individually quantitated amino
ficant at P <0.01 when compared with. acids was found to be proportional to,
the shams was observed 'in all 16 in- the decrease in the total integrated
'fected subjects within 12 to 48 hours value. The extent of the' decrease in
after exposure.,A maximal decrease was amino acid concentration appeared to
observed an average of 2.28 days after be tnrelated' to ,the severity of illness.

TABLE 1.- Cinical and amino acid responses in 18 subjects with respiratory-acquired tularenuia

Amino acid-decrease Fever Tlliral)y.t Amino acid increase

Case day D De idess
number Day of Day of Per Day of Peak Hours Last of Day of' Day x Pe' index t

onset mu cent onset degrees, F >99.6 day onset 'onset m centmuum

1* 1 1 9 0 0 5 9 II 20 0
2*- 13 13 ,2 0 0 5 9 11 16 0-
-3 1 3 63 3 104.6 72 5 4 5 6 53 64
4 1 1.4 28 3 102.6 48 5 5 4 4,5 67 36
5 1 1 36 3 103.6 48 5 4 5 6 16 24
6- 2- 18 2 104.6 -60 5 4 5 6 16 48
7 1 4 55 2 103.8 "84 5 4 6 6 37 48
8 1 3 61 2 103.6 60 4 4 '6 6 20 24
9 1 '2 36 2 103.8 72 5 4 S 5 39 48

10 1 2 53 4 104.2 54 5 4 6 6 60 48
11 1 2.3 39 3 103.8 48 5 5 6 6 18 24
12 1 1 36 3 102,6 48 5 4 6 6 5 27
43 1 1.3 20 2 105.4 48 4 4 5 5 28 36
14 of 1 33 3 104.2 36 5 5 0 0 0 16
15 1 2 56 3 103.2 46 5 5 4 5 25 32
16 2 3 50 3 103.6 48 4 5 0 0 0 24
17 1 1 44 3 See details in text - - 0 0 0. 6
18 1 4 S7 3 See details in text 0 0 0 12

* Sham-exp6sed.
" 14 (lays of tetracycline.

See text.
I Ti'elve hours.
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DAY S--1 0 1 2 3 4 J 6 7 & 0 10 it 12 13 14 15 It 17 S betv y po sw r idi., . . . . . .J . . . ., , ,, , , , Subjective sym ptom s were, m ild in both

804 .F cases. An initial decrease in total amino
10. acids was noted 24 hours afterexposure
102 ,- in each subject. Thereafter, -contentra-r01___. ...

,oo __ n tions varied greatly from day to day and
"V Vapparently reflected theunusual clinical

97 courses. Streptomycin therapy was be-
700- gun-on day 16.

00 DISCUSSION

• ' iSmith and Tempest (1957) demon-
4strated that anthrax in guinea pigs was

AtAI ADSaccompanied by decreased quantities
.5 Tof glutamic acid, glycine, and threonine,

while other amino acids remained con-
stant or increased. Wakeman and Mor-
rell (1930);described a terminal increase

45 in blood amino- acids in monkeys in-
mIm fected with- yellow -fever. Squibb (1966)

ALANN has recently reported changes in the
IGURE 2.-'eerature, total- amino acid, normally occurring, circadian variation

and alanine responses of infected subject (case of amino acids in chickens infected with
11). Arbw indicates day of exposure. Stippled, Newcastle disease virus. Finally, and
bar indicates tetracycline therapy., most relevant to the studies being re-

ported, Woodwardet al (1954) noted a
Within 6 to 72 hours following onset of decrease in serum amino acids Of white
fever 7 subjects developed an increase in rats following 1 LD5a of P. tuldrensis
,amino acid concentration greater than '(Sm straii). This change was -record&d
that recorded at any time in the shams. 72 hours after inoculation in all rats and

Typical responses of one of these sub- 'in 4 of 12 as early as 48 hours.
jects (case Ii) are illustrated in figure 2. The only reports of whole blood amino
Total amino acids are plotted beneath acid changes during infection in humans
rectal temperature. A marked fall in are those of Farr et al -(1940) who ob-
total amino acids is noted 48 hours prior served a fall in plasma amiho acid nitro-
to onset of fever. Initial clinical symp- gen during pneumococcal pneumonia
toms were noted on day 4, Lysis of and -Emerson et al (1943) who noted
fever and disappea " of clinical that similar changes did not occur with
symptomatology occu d within 24 primary atypical pneumonia.
hours of initiation of therapy. The:result The effects of tularemia on whole
of quantitation of a single amino acid blood amino acids in -man -have not
(alanine) is shown in the same figure to been reported previously. A-pronounced
demonstrate that changes closely ap- fall in whole blood amino acids was ob-
proximated those observed for the total. served 12 to 60 ,hours following aerosol

The clinical-and amino acid responses exposure to P. tularensis. This decrease
-of 2 subjects (cases 17 and 18) were'un- was-proportional to the total-integrated
usual. Fever, first noted on day 4 in values of the individual amino acids de-
both subjects, never exceeded 102 de- tectable by the method described. De-
grees (R) and was of brief duration, creased amino acid concentration was
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apparent i'v all infected subjects prioi' these glands was observed. Bondy(1 949)
to the>onset6f fever or any other clinical noted that adrenalectomy lowered free
signs of illness. Onre of, us (RDF) was amino acids in plasma, while Dubreuil
unaware of the-identity ot sliam-exposed and Timaris (953) demonstrated a rise
controls but 'accurately predicted ab- following administration of cortisone
setice of infect.ion from the amino acid acetate. It has alsobeen demonstrated
determinations;,, Following, the initial that activityof D-atlfino acid oxidase in
drop, wiole blood amii!o acid responses liver and kidneys of tularenia-infected
in 2 ,patients differed' from those ob- rats was inhibited (\,Voodward and
served in the other infected subjects Mayhew, 1956). Since adrenocortical?
aid apparently reflected their unusual liorifones have .been found to controi;
clinical courses, ,in ,part, the blood level of.' amino acids

The factors responsible for the marked, as 'well as hepatic enzymns invo1 ed in
decrease in amino acid concentration .their metabolism, Woodward and May-
are difficult to elucidate. Woodward' et hew (1956) postulated that "adrenal in-
al ,(1954) observed thAt,cystine, an es- volvement" with subsequent exhaustion
sential metabolite for P. 'tulareh.sis, dis- may be responsible for the diminished
appearedfirom the blood'of rats infected amino acid level seen in the rat.
with highly 'virulent striins of the or- Increased excretion ofglucocorticoids
ganism. They also noted decreased con- during, human tularemia infection oc-
centratiofls, but not disappearance of curred with the onset of fever' and
the other free 'amino acids. In contfast, abatedconcomitantly with clinical iii-
killed, or liViiig,-avirulent organisms did provement (Beisel, 1965). Furthermore,
not induce :a similar change. The, during infection adrenal overactivity
hypothesized that localization 6f" this was roughly proportional to the~clinical,
oirganism'in' li er and spleen may result severity of tile disease process. Since
in utilization 'of free ai,;ino acids di- the initial fall in whole blood amino
rectly from the blood as it filters acids in nian preceded the period of
through these organs. The 'generation 1adrenal overactiVity aid occurred even
:time of P. 'lularensis under optimal con- in subjects with less severe clinical
ditions in vitro is,,approximately 1 hour responses, this decreased amino acid
(Gaspar et al, 1960). Beginning with 1 concentration could not be explained by

,organism, a count of 8X0 6 would be adrenal exhaustion.
obtained at 24 'hours. The generation The catabolic effect of'glucocorticoids
time as well as the organisms' rate of on body protein is well known. Since
cystine utilization for growth in man adrenal stimulation accompanies tulare-
has not beeh established. Whether the mia infection iniman, one shouild expect
reduction in whole blood amino acids, an elevation in whole blood amino acids
in individudls with tularemia can be ex- rather than a decrease. Amino acid ill-
plained by Woodward's hypothesis, is creases were seen following fever in our
speculative. However, our findings of a subjects witli the more severe clinical
proportional' rather than selective de- illnesses, with- the exception of case 6.
crease cystine suggest that other This rise may be the resul'; of a steroid
factors may ,be operative. catabolic effect.

The work of' Pinchot et al (1949) di- Beisel _(1965) has demonstrated that
rected attention to adrenal involvement diminished urinary excretioll of urea
in rats with, tularemia. Adreral hy- and alpha-amino nitrogen occurred in
pertrophy with, resulting exhaustion of the period immediately prior to the on-
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set of clinical illness cif ",..!dividuals with amino acid c6ncentration were discussed
respiratory tularemia.,Si , cics of tulare, but remain undefined. These changes
mia in rats have demonsratd that in- were specifically related to infection, in
creased urinary-amino aciddlosb does not 'that sham-exposed and similarly treated
occur (Woodward et al, 1954). It is subjects did not manifest a siinilar re-
apparent that the changes no;ed'in the sponse. The pattern of response was
bloo,.are reflected in the urine;Ahd that such that, in retrospect, it appeared to
lowered, blood levels cannot ,be ac- have predictive value for determining
counted ,oi -b urinary losses. which subjects had been infected.
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